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I-13 SONOGRAPHY IN OSTEOARTHRITIS: EARLY AND LATE
FINDINGS
A. Iagnocco. Sapienza University of Rome, Rheumatology Unit, Rome,
ITALY
Purpose: In osteoarthritis (OA) changes in the most part of the anatomic
structures of the joint are present. Articular cartilage is mainly involved
but reactive phenomena are also present with appearance of osteophytes
and capsular ﬁbrosis. Alterations may be found also in the synovial
membrane and in the synovial ﬂuid in case of synovitis.
Ultrasonography (US) is actually considered a sensitive imaging method
for the evaluation both of the bone proﬁle and the soft tissues of the joint
and it is used in many rheumatology clinics for the study of musculoskele-
tal pathology.
Methods:Majority of the anatomic structures involved in the osteoarthritic
joint may be studied by US, that provides a wide spectrum of data about
the involvement of many anatomic structures. It detects alterations within
the articular cartilage, the synovial membrane, the synovial ﬂuid, the
joint capsule, the joint margins, the bony proﬁle and the periarticular soft
tissues.
Results: The recent improvements in technology have led to the produc-
tion of new equipment with high resolution transducers, which have high
sensitivity in the detection of alterations within the articular cartilage in
most large and small joints. In healthy individuals, the hyaline cartilage
appears as a hypo-anechoic band lining the bone surface. It has two
sharp and regular interfaces (an anterior soft tissues-cartilage edge and
a posterior cartilage-bone edge). Its thickness varies according to the
dimensions of the joints. In OA, blurring of the margins is noted and
obliteration of the edges is usually present. With the progression of the
disease, the two surfaces become irregular with loss of their clarity. Early
ﬁndings are loss of sharpness of the anterior interface and appearance
of echoic spots within the sonolucent band. These changes seem to
be related to the process of ﬁbrillation of the cartilage in early OA. In
advanced disease, the progressive damage of the cartilage is expressed
by alterations in its echotexture with deﬁnite increased echogenicity. Fur-
thermore the posterior interface appears irregular and loss of continuity
of the bone proﬁle may be found. Thinning can be focal or diffuse and
variation in thickness are strictly related to the phase of the disease,
seeing that completely loss of cartilage in late OA as a sign of the
progressive cartilage breakdown.
In OA synovitis appears episodically and US reveals the signs of the
inﬂammatory events showing synovial thickening and proliferation, joint
effusion and increased synovial perfusion. The last ﬁnding is studied
with Doppler techniques and with the use of contrast media which detect
and quantify the local hyperemia in synovitis and are actually considered
reliable methods for grading the vascularization of the synovial tissue and
for the differentiation of some intra-articular anatomic structures. They
may be used also for the monitoring of the disease and for the evaluation
of the response to anti-inﬂammatory treatment.
Changes in the joint margins due to the presence of osteophytes may
also be demonstrated by US that also shows other typical osteoarthritic
changes such as joint subluxation, narrowing of the joint space and
thickening of the joint capsule.
The evaluation of periarticular soft tissues may reveal the presence
of bursitis, such as gastrocnemius-semimembranosus bursitis, anserine
bursitis, prepatellar bursitis, and hallux bursitis that are frequent ﬁndings
in OA. The possibility to perform US-guided interventions such as ﬂuid
aspirations and local treatments in osteoarthritic patients is particularly
useful in daily clinical practice.
Conclusions: For its characteristics of non-invasiveness, low cost and ra-
pidity of execution US has many advantages over other imaging tools and
it is considered to be particularly useful in daily routine rheumatological
clinical practice, adding valuable information to the clinical assessment
of the patient with OA.
I-14 ADVANCED MAGNETIC RESONANCE IMAGING OF
ARTICULAR CARTILAGE
G. Gold. Stanford University, Stanford, CA, USA
Purpose: Magnetic Resonance Imaging (MRI) has provided researchers
with an opportunity to examine joints non-invasively. Both the morphology
and composition of articular cartilage and other tissues can be measured
using MRI. A variety of MRI contrast mechanisms exist that can give
unique information about cartilage composition.
Methods: Many different contrast mechanisms are useful with MRI to
examine joint morphology. In general, three-dimensional approaches are
superior for quantitative evaluation of cartilage volume and thickness.
Three-dimensional spoiled gradient echo (SPGR, FLASH) with dark syn-
ovial ﬂuid have been used extensively in multiple studies. Other methods
with bright synovial ﬂuid that are in use include balanced steady state
free precession (bSSFP), dual-angle steady state (DESS) MRI, and vastly
interpolate projection reconstruction (VIPR). Three-dimensional fast-spin-
echo (3D-FSE) is a new method that may enable cartilage morphology
and semi-quantitative scoring of other structures with a single acquisition.
Important in all of these cartilage studies are accurate image segmenta-
tion and registration.
For imaging cartilage composition, multiple approaches have proven
useful. The collagen matrix of the cartilage can be evaluated with T2
relaxation time mapping, magnetization transfer, and diffusion-weighted
imaging. Evaluation of the glycosaminoglycan (GAG) matrix can be done
with delayed gadolinium enhanced MRI of cartilage (dGEMRIC), T1rho
relaxation time measurements, sodium MRI, and a new method based on
chemical exchange saturation transfer (gagCEST). In addition, evaluation
of cartilage under load (cartilage biomechanics) is also possible with MRI.
All of these method have advantages and drawbacks that may make them
more appropriate to a given imaging situation or study.
Conclusions: A variety of MRI methods to evaluate a joint with os-
teoarthritis are available. The methods of choice in a particular study
depend on many factors, including hardware available, the joint being
studied, and imaging time. Emphasis will be placed on the trade-offs
between the methods and goals of the imaging study.
I-15 ALTERED CHONDROCYTE DIFFERENTIATION AND
NONPROTEOLYTIC ATP-SCAVENGING ENZYMES: ANOTHER
PART OF THE EQUATION IN OA MEDIATING THE
PHENOTYPE OF CARTILAGE REPAIR
B. Terkeltaub. VAMC/University of California, San Diego, CA, USA
Purpose: Review roles of nonproteolytic enzymes in PA and cartilage
aging.
Methods: Overview of literature and my lab’s recent contributions.
Results: Discussed below.
Conclusions: Cartilage matrix degradation that results in tissue fail-
ure reﬂects imbalance between matrix catabolism and quantitative and
qualitative matrix synthetic dysfunction in cartilage remodeling. Chondro-
cyte bioenergetics is central to matrix synthetic function. Since articular
chondrocytes reside in a hypoxic milieu, anaerobic glycolysis is central
in generating ATP to support chondrocyte matrix synthesis and viabil-
ity, with mitochondrial oxidative phosphorylation providing physiologic
reserve ATP generation. Physiologic ATP generation by chondrocytes
supports viability and collagen synthesis, as well as formation of phos-
phoadenosine sulfate involved as a sulfate donor in PG synthesis. Nitric
oxide (NO) potently suppresses mitochondrial oxidative phosphorylation
and PG synthesis, and chondrocyte mitochondrial dysfunction linked
with marked ATP depletion appears to modulate OA pathogenesis. In
OA and cartilage aging, there is progressive elevation of chondrocyte
ATP-scavenging NPP1 nucleotide pyrophosphatase phosphodiesterase
(NPP) activity and extracellular levels of the NPP enzymatic endproduct
pyrophosphate (PPI), which modulate chondrocyte differentiation, as I
will review here, and also promotes secondary chondrocalcinosis. Aging-
related cartilage extracellular PPi excess reﬂects increased NPP1 and
ANKH and altered growth factor responses to be reviewed here. A
second chondrocyte ATP-scavenging enzyme released in response to
odidative and inﬂammatory stress, transglutaminase 2 (TG2), increases
dramatically in the extracellular matrix of aging and OA cartilages. TG2 is
a member of the TG family of enzymes that covalently cross-link proteins
via transamidation and are classic tissue repair and pro-ﬁbrotic enzymes.
TG2 stimulates chondrocyte maturation to hypertrophy, a differentiation
state associated with both dysregulated matrix repair and calciﬁcation.
I review rapid signaling and integrin-mediated effects of secreted TG2
that promote chondrocyte hypertrophy. I also review how TG2 transforms
the capacity of certain other extracellular matrix molecules to regulate
chondrocyte differentiation.
Altered chondrocyte ATP and PPi metabolism closely linked with the
enzymes NPP1 and TG2 appear to buttress the foundation upon which
OA is accelerated and helps determine the phenotype of cartilage repair.
I-16 YOUNG PATIENTS – OLD KNEES
S. Lohmander. Lund University, Lund, SWEDEN
Purpose: Lesions of the anterior cruciate ligament and menisci of the
knee are common in both athletes and the general population. In Swe-
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den, the annual incidence of arthroscopic surgery of the meniscus is
approximately 250 per 100 000, and the incidence of MRI-diagnosed
anterior cruciate ligament tears is at least 80 per 100 000 in the ages
between 10 and 64. In addition to these incidence data, other evidence
from epidemiological studies on unselected populations suggest a high
prevalence of these types of lesions even in the absence of a history of
a known trauma to the knee. At some 10−20 years after the diagnosis,
some 50% of those diagnosed with an ACL or meniscus tear have OA with
associated pain and functional impairment: the young patient with an old
knee. These individuals make up a substantial proportion of the overall
OA population, and given their relative young age when diagnosed with
OA, represent a considerable challenge with regard to management of
the OA. There is a lack of evidence to support a protective role of repair
or reconstructive surgery of the anterior cruciate ligament or meniscus
against future OA development. A consistent ﬁnding in a review of the
literature on the long-term consequences of these lesions is the often
poor reporting of critical study variables, precluding data pooling or a
meta-analysis.
Osteoarthritis development in the injured joints is caused by intra-articular
pathogenic processes initiated at the time of injury, combined with long-
term changes in dynamic joint loading. Variation in outcome is reinforced
by additional variables associated with the individual such as age, sex,
genetics, obesity, muscle strength, activity and re-injury. The joint with
a ligament lesion is thus inﬂuenced by the same risk factors associated
with other forms of OA. When we in addition consider the fact that many
persons have ligament lesions in the absence a history of joint injury, it is
apparent that such lesions often are an integral part of OA development,
providing further evidence that OA is a disease of the joint, not only of
the cartilage. Further, there is little reason for the continued use of the
terms primary and secondary OA.
A better understanding of the variables that inﬂuence the risk of OA
development in the presence of ligament lesions will improve future
prevention and treatment strategies. In evaluating medical treatment we
now expect large randomized clinical trials (RCT) complemented by post-
marketing monitoring. In instances where an RCT is not feasible, natural
history and other observational cohort studies need to be as carefully
designed and reported as the classical RCT.
I-17 PREVENTION OF OA IN THE YOUNG: THE ROLE OF
INJURIES, TRAINING AND MUSCLES
E.M. Roos. University of Southern Denmark, Odense, DENMARK
Purpose: Knee injury and muscle weakness are separate and modiﬁable
risk factors of knee OA that are suitable for intervention strategies. Muscle
weakness is frequently seen following knee injury and the individual
importance of these two intertwined factors in development of knee OA
after injury has not been assessed.
Anterior cruciate ligament (ACL) injury and meniscal injury are associated
with the development of osteoarthritis (OA) in the long-term, leading to
pain, functional limitations and decline in quality of life in the young or
middle-aged adult. There is no evidence to suggest that surgical inter-
ventions, such as reconstruction of the ACL, meniscectomy or meniscal
repair, prevents or reduces the rate of early-onset OA. On the contrary,
the prevalence of OA may even be higher in surgically treated patients.
Despite these long-term consequences, surgical treatment is widely used
following knee injury. Some recent studies indicate exercise being at least
as effective as surgery in reducing pain and improving function following
knee injury.
An increasing number of injury prevention programs targeted at reducing
the risk of knee injury in general and ACL injury in particular have
been reported in the literature. Although a number of risk factors for
ACL injury have been suggested, only the biomechanical risk factors
have been examined sufﬁciently to support the design and evaluation
of prevention interventions. Most prevention programs attempt to alter
dynamic loading of the tibiofemoral joint through neuromuscular and
proprioceptive training. Successful programs share a number of common
elements. Most include one or more of the following: traditional stretching,
strengthening, awareness of high risk positions, technique modiﬁcation,
aerobic conditioning, sports speciﬁc agilities, proprioceptive and balance
training and plyometrics. The importance of a neutral dynamic alignment
of the lower extremity; i.e. a straight line though the hip, knee and
foot, is emphasized. The studies to date focusing on biomechanical
modiﬁcations have resulted in the reduction of lower extremity injuries
in athletes. However, the studies vary widely both in their approach to
injury prevention and the validity of the study design. Most studies to date
have been non-randomized and few have been conducted as randomized,
controlled trials.
In summary, training according to neuromuscular principles to improve
dynamic alignment is successfully used to prevent knee injury and re-
habilitate following knee injury. It remains to be shown if neuromuscular
training may also prevent development of knee OA.
I-18 SHIFT FROM ALK5 TO ALK1 RECEPTOR USAGE
P.M. van der Kraan. Radboud University, Medical Centre, Nijmegen,
NETHERLANDS
Purpose: Osteoarthritis (OA), the most common form of arthritis, is
characterized by focal lesions of the articular cartilage, synovial ﬁbro-
sis, and new bone formation (osteophytes) at the joint margins. OA-
mediated cartilage damage is regarded as the result of a predominantly
chondrocyte-controlled degradation process, caused by a misbalance
between anabolic and catabolic processes. Aberrant chondrocyte differ-
entiation, leading to increased metalloprotease expression, is thought to
be at the root of OA development.
Methods: Since members of the TGF beta superfamily play important
roles in the regulation of chondrocyte differentiation, we have studied
TGF beta and BMP signaling during ageing, the major risk factor for OA,
and OA development.
Results: We were able to demonstrate that TGF beta is highly involved
in all aspects of OA development and progression. Not only we could
show that TGF beta is an essential player in the induction of osteophytes
and synovial ﬁbrosis, but also alteration in TGF beta signaling appeared
to be at the root of the most important hallmark of OA, cartilage loss.
We have strong clues that changes in chondrocyte TGF beta signaling
during ageing results in OA development. We have found that during
ageing and in experimental models a shift in type I TGF beta receptors
occurs, from ALK5 to ALK1 signaling. Moreover, in human OA cartilage a
strong correlation between ALK1 and MMP13 expression was observed.
Conclusions: Changes in TGF beta signaling play an essential role
in cartilage degradation. It can be concluded that TGF beta plays an
essential role in cartilage breakdown, osteophyte formation and synovial
ﬁbrosis in OA. Modiﬁcation of TGF beta signaling could be an attractive
target for OA therapy.
I-19 THE ROLE OF VASCULAR ENDOTHELIAL GROWTH
FACTORS AND OXYGEN METABOLITES IN CARTILAGE:
CHONDROCYTE AGEING IN OSTEOARTHRITIS
K. Yudoh, R. Karasawa, K. Masuko, T. Kato, K. Nishioka. St. Marianna
University School of Medicine, Kawasaki City, JAPAN
Purpose: Recently, attention has been drawn to the roles of oxidative
stress and related cartilage/chondrocyte aging in the pathogenesis of os-
teoarthritis (OA). Numerous reports have already revealed that oxidative
stress could inﬂuence chondrocyte activity and the cellular aging during
the progression of OA. Recent studies in human articular chondrocytes
from patients with OA clearly showed that features of chondrocyte senes-
cence occur in vivo, suggesting that the age-related changes in articular
cartilage increase vulnerability of the tissue to degeneration, and the
association between cartilage degeneration and aging is due, at least
in part, to features of chondrocyte senescence.
Cellular senescence is classiﬁed into 2 types, intrinsic senes-
cence (replicative senescence) and extrinsic senescence (telomere-
independent senescence). It is well known that extrinsic senescence
is induced by several kinds of stresses such as oxidative stress and
inﬂammation. A variety of catabolic stresses may induce the extrinsic
stress-induced senescence of articular chondrocytes. Among the extrinsic
stresses, oxidative stress may directly induce the down-regulation of
chondrocyte activity and the cellular senescence. We comﬁrmed the
involvement of oxidative stress in the pathogenesis of OA from the point
of view of chondrocyte aging.
Methods: We examined that effects of oxidative stress and angiogenic
growth factors on the catabolic stress-induced production of matrix de-
grading enzymes and the down-regulated production of matrix proteins,
cellular senescence and apoptosis in chondrocytes in vitro. Also, to
develop the novel therapeutic agent, the inhibitory effect of antioxidant,
newly developed nanocarbon molecule C60, on cartilage degeneration
was studied in the OA rabbit model produced by resection of the joint
ligament.
Results: We demonstrate the regulatory mechanism of chondrocyte
senescence that may be induced by stressful factors such as oxida-
tive stress and inﬂammation. We have focused on the implication of
